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Transient voltage disturbances detection based on Ensemble-Kalman filtering
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Abstract: With the increase of nonlinear loads in power system, power quality problems caused by transient voltage disturbance is
more and more serious, the detection of transient voltage disturbance signal becomes the key to improve power quality. This paper
proposes a transient voltage disturbance detection method based on Ensemble-Kalman filtering, the elements of Ensemble-Kalman
filtering’s background ensemble are reformed according to the characteristics of transient voltage disturbance. The modified values of
voltage state at k — 1 and k - 2 form the background ensemble, then the real-time voltage’s amplitude is obtained by recursive
computation, thus the beginning and ending times of transient disturbances are positioned and abrupt amplitude is traced out.
Simulation results show that the proposed method can quickly detect voltage’s sag/swell, precisely position the beginning and ending
times of transient voltage disturbance, and track down the abruptamplitude. The proposed method is more effective than the
traditional Kalman filter (KF) and root-mean-square (RMS) algorithm.
This work is supported by National Natural Science Foundation of China (No. 51177102).

Key words: power quality; transient voltage disturbance; Ensemble-Kalman filtering; background ensemble; beginning and ending
times of disturbance

hEET: TMT14 SR

SCHERAR L A 1674-3415(2014)14-0038-07

0 33

AR BRRBES LS IE), IR
PP (S Pl A AL 5 S i e i
VRS F . A (S BRI — R
SANJI, BRI, B BT EGET R, B
ikt

HEWH: BRAAAFLALTBRA (51177102); &I
WA Rk BF R 4 X R OB (JCYJ20120613113140920
JCYJ20120817164050203)

HL R BT [ (voltage sag), J& it Hi HL 35 7 AR 7E
TN TR SEAR T B 2 400 PR IR B 1190%~10%, ML 7Y
FFSEI R 4 0.5 8 i~1 minff)— PP S . R L 1
T BRI H R 58 TH(voltage swell), A&Fi HL s A RE T
REEEM110%~180%, FFLLHTRIH0.5 i #~1
min, FREIRA I ARFRAE . R RS R R
SRR AL, — MO =R B ERIEh 208 ik
PRAE SR B A  A5 1) R, 34 R I8 A 2K o
Horp— S et NG 2T, AT b
BRSO FLEAT A I, DAfE PR sk
(NS AR



JLT ARy Kalman S8 108 45 (B PEsh A I -39 -

W ARF 22 SCHROG B A HL S S A AT 7 B
GO, SCHR[6) 45 T 28 F A A B IR PR sl
7k, IR T AT A R E D R ER S
JEHBR N7 % . SCER TR G4 T B 1)
HRAERITE (Rootmean square, RMS), i HHRMS
EHTZ MRS RER . STR814H T —
b FH T 4 A BT A R AR 1 e B U A R vk

(Half a cycle of RMS, HRMS), ZJjiEFHiE )
- JE B A AR e i S (L, 56 edeadh T BR IR
FEIR ). SCRR[O1HE HH T — a6 /N AR el fig
IR A T, R T N AR
HEFLPEBARAL, W59 TARAET B 5 h i = A )
|07 O NI 3 =10 2= = A O 71 7/ 7 LR = 17538
KalmanJ€ 7% (Kalman filtering, KF) 7£HL M &
R RS DL, BeBE HERfA T LD N I 7 &
T b BRI AT DL e o S R AR B, RO R
B R 2 N TR A R At — 26
PRI O, SR 13106 Kalmangif i 7 Ve
Re T BT T N AT T 28738, 47 HKalmanE i
T& G B B SR AR AR IR A5 5 P Aol g AR U PR A
Mo SCHR[14)3E H T — L T KalmanJis iz 22 1 i
Re T RN 75, KRGk R IR 2 2% 1)
ZE PP HIR LN R AL e i Bl . SCHR[15]3R H T
i DL R SRR A Bty O 22 B R 22 W 7 22 I B 1
KalmanJEik J77%, H X a5 5 bl A o
{HIEAEAERE AP R ARIN [A] (P AR ) . < 7R 2 B
T LIL ARG TN, HT e, 17
TEXNT BN R A 20 e AL ER, T3ROS ) .

& KalmanJ€ % (Ensemble kalman filtering,
EnKF) 7775 R KalmanyE ik 544 Tk 45 5 70—
AL — PP Kalmany&9% 772 . 45 A Kalmanj§)k il il 4
B KA v T KalmanyE s 84 2 50 i 7 22 0HH N
M I 8, [ H AT A B i R AR 1 R G R
MR )32 N FH B R AP0 AR T R F00 I <5 7
O, SCERT17-20]70 FH AR A KalmaniiE i 7 26 i
BUARZeME m de B m 24T T A0 BE, 07 kR R i iR
ol BRSO RS . T4, TR G Kalman i
FH B AEBEATLAR BB G AN 2 AN AT LI S R4 4
Gy PV R R . ARG T R
FARKIIBENLE, 4T & AR RS B
P gy, IR SRR, T AR
FEPLBNE 5 IR s AR A5 KalmanJ &Y% 7 VA AL
ASCHEH —FhIE H TR S BRGS0l 4L &
Kalmaniis /7% o 046 & Kalman ¥ 5t
EHTESBEGE SR, Be-11ZI1EER
AR k — 2 BWZIFE E i RRSEA S, 1Fh

ke WZIE SRS, TSk I 20 RS 2 /T
RJE UGBS B, ARSI B fL R R (L, 3
o P P ) Bfr 32 28 s 8 e A PR A L I 22005
SEPLBN I -

1 &4 Kalman JEFRIEKRRIE

45 Kalman B4 — LT 580 KK 71k
ff) Kalman & . A% KTHR SR LU REALBE &
YEARLER G U2, HE A AN TR B
IR — H ARG HPIRA KA W s e, A
5, T RIR SR T S8 2 T R
HATEER, RIS . i ied FERMTHIRES
ELSEIER TS 22 . W R RUE 3 RS,
ATLMGE T — IS 2 s i 5. KRR ARG AG
TEESEGETHE, e T TR, Rl o S 5 1
IS (i

B BELAR Sk B RO R N

Xe = f O W) )

z, =h(x,,v,) 2)
P x eRMMREZLE; 2z, e " HMNAL
w, € R" My, e R” 7370}y 22 58 W 7 R P s, {1
S R Iy TS A B
W s, 7 ZERE B @ MR

S S XD = (o =120 ) I RLR
ME S, ERElH k-1 NZIN RS X AR
MK, n WEAGHAL. BN 4, A

X/l: = Aer;:—l (3)
B ESHFERFESEA T A6 (4) THH.
X=1y, (4)
niz
1 y y
P T I T
—153
Kalman FJ34 35 115 4
K, =P H(H P H{ +R)" (6)

A, R A K I ZIOULI R ZE W 7 ZE R
{H I — AR ERE S 251, e b
K, = I)xl;t (Ph/; +R, )71 (7)
o

.13 ; ;
P H{ =P, = mZ(x,’:,,- —x))(h(x) )= h(x))" (8)
— 1=l

HPPH] = B =3 had )~ W)~ ha)”

©)
SR 5 A e T 220 AR 0 I A0S T s 4 5 EAT B



-S40 - CE R R R EEL

B 153 kBRI TS X = {x,f’i i:1,2,~--,n} K
X =x A K (v, —h(x))),i=12n  (10)
XA,y Ak IS ZIRORIR A 2
SR LAk I ZI I AT SR 6 VR M b+ 1 I 20 1 =
LGB k1 N ZIB S, oIz S
AR ESEN I RGURESES, NN RIS RS
oy .

2 HET &4 Kalman JEE G 7S B IEH 1M

FEASCET A F R USRI 73 AT IS, 20k L A
ST KA, XS R E . A
TRV TR I, AbBE4EE IR, T H RS
o TR A TP L, AR JE R N BAR
KEIREHLEE, FETIXLHr i, ASCRAES Kalman
JEIRE Y H 21274 H R PR ah A W 23 A e

F &N ol A B A S S

y(k) = E(k)cos(wkAt + @) (11)
e k=123, N, JKFEREG: E() A kI Z)
IREIRE: o AR A RFEERE: o IH)
ARG SR . A

x;  =E(k)cos(wkAt+¢)
¥y 4 =E(k)sin(@kAt+p) (12)
M3 3] & —1 31 & B2 PR SR AR A
X, =4X, (13)
o, X, :H  IRAAE A A4,
2 g

cos(wAt) —sin(wAt)
Ak =1 sin(wAt) cos(wAt)

DU A R A il g
Z, =HX, +V, (14)

RIS BUEIFASHFE H = (1 0], v, DB A
B

T FPA I FR A5 5 MR B S P IE 5%/ 4%
A5, ALGEHIES Kalman 30808 FIEARE:1E
BEHUE BOR G . 25 RS B AT A 5 A I
LI AEME— (), A¥44EE Kalman J53kia H 2]
A5 S IR 2 o, SO S 15 S5
SR S A T S S
x¢=A{xy i=12) k-1, k-2 NAMEIE
o R S MR x| x, k. B Xy =
(XX} o BEHA@). K(@)~ROFFE & N
[y Kalman J83E AL 2EATRE K, o IXREAS 20 K,
REAR LS H0 S Y & -1 I 20 L HOR S5 k-2 I IR

DEMFHE o WERAE k-1 IR R A RAE, B4
K AR K, « K, SN ZIRER S ER A, X
HIC R AT TRE IS Aar I v s Pl B A I 20 53 1 sy
R B HIERER, AEAFIRATALAE 1~2 AN RAFE ) R
Je A BRI R B o
THI & I AR HE RS
X = AKX, (15)
XA, X, A k=TI ZI0 & I ZPARZS T . A
F ke I 20 RO DU H AR A TR S AT B 1, 19
B & I ZIHME RS HRE

X, =X, + K (v, —HX, ) (16)

A,y A2k I ZI ORI L SRR

K, B8 SN, FE R IR sl 1 O, XAt AR IE T 3R
AT 20 A& AR R LB 2 ) 158 22 B /Mo

SRS PR LIRS I 25 BB e + 1 I 2001 38 5
&, &l @), X7)~X09). K16)33 k+1 1%
O RORASEL . DAt A 45 21 58 B 1) H A RS
i S

P32 &k B Z2E I R AS SRS PR fE, fat

(7). 3 18D AT H & I 21 (1) FE A5 I B AN

AHAL A
E(k) = ,/xlzk +x§k 17)
2
¢ =tan" [Xi‘] 18
X12k (18)
THE & I 20 0 A R R AR A A B s 1 s o

BX XN WG \

l

k@), ROAOIIK ]

i

o
e

=

=

HiXL

[ istasysiaram st |

|

Hh 81 6)15 I 20 AR X \

|

\ (7Y SN 2 A E ) |

!

R WA A A T 0 At o 20 R A e 1 i 20 A K
e th 2

1k RZpy B ERETEREE
Fig. 1 Block diagram used for voltage amplitude computing
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Fig. 2 Amplitude curve of voltage sag
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Fig. 4 Amplitude curve of harmonic & voltage sag
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